Module 2 – Biotechnology and gene technologies

2.2.1 Clones in nature
	What exactly are clones?
	What is a clone?
	

	
	Give an example of natural clones.
	

	The advantages and disadvantages of asexual reproduction
	Give three advantages of asexual reproduction.
	1.

	2.

	3.


	
	Does sexual or asexual reproduction produce more genetic variety?
	

	Natural vegetative propagation in plants
	When might a plant adopt asexual reproduction?
	

	
	What is vegetative propagation?
	

	
	Give a disadvantage of vegetative propagation.
	

	
	What are the new growths called during vegetative propagation?
	

	
	From where on the damaged plant do the suckers grow from?
	

	
	What is a clonal patch?
	

	
	Why did root suckers not help in the case of Dutch elm disease?
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2.2.2 Artificial clones and agriculture
	Artificial vegetative propagation
	Give two methods of artificial vegetative propagation.
	1. 

	2. 


	Artificial propagation using tissue culture: large-scale cloning
	What is a disadvantage of taking cuttings and grafting?
	

	
	What is tissue culture?
	

	
	Describe the process of micropropagation by callus tissue culture.
	

	
	What is a callus?
	

	
	What are the advantages to farmers of propagation using callus culture?
	

	
	What is the main disadvantage of using cloned plants in agriculture?
	

	
	How is this problem reduced in current farming practices?
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2.2.3 Cloning animals
	Artificial cloning in animals – two possible ways
	What is a totipotent stem cell?
	

	
	What are the two methods of cloning animals?
	1. 

	2. 


	
	Give the main stages of cloning by splitting of embryos.
	

	
	Give the main stages of cloning using the nuclear transfer method.
	

	
	What is the definition of a cloned animal?
	

	
	What does enucleated mean?
	

	
	Give three advantages of cloning animals.
	1. 


	
	
	2. 


	
	
	3. 


	
	Give three disadvantages of cloning animals.
	1. 


	
	
	2. 


	
	
	3. 



	What is non-reproductive cloning?
	What is the purpose of non-reproductive cloning?
	

	
	What is the main advantage of the cells being genetically identical to the cells they are replacing?
	

	
	Give a reason why non-reproductive cloning may not be the answer to repairing damaged tissue.
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Quick Quiz 1 – Sections 2.2.1 to 2.2.3


1.
Match the terms to their definitions.

	1.  Clone
	
	
A small section of tissue taken from a plant to be cloned

	2.  Callus
	
	
Organisms that carry identical genetic material

	3.  Explant
	
	
Cell which has had its nucleus removed

	4.  Totipotent stem cell
	
	
Production of structures in an organism that can grow into new individual organisms

	5.  Enucleated
	
	
Cell that can differentiate into any type of adult cell

	6.  Vegetative propagation
	
	
Mass of undifferentiated cells that develop around an injured or cut plant surface or in culture


2.
Complete the sentences about the advantages and disadvantages of plant cloning in agriculture.

(
There has been a reduction in genetic variation due to

(
Some crops cannot be grown from seed because

(
An advantage of propagation from callus culture is the crop will


(
Cloning plants in agriculture can be problematic as all plants are

3.
Draw a diagram to explain cloning by the splitting of embryos.

2.2.4 Biotechnology basics
	What is biotechnology?
	

	What two applications can biotechnology have in medicine?
	1. 

	2. 


	Give the genus name of a genetically modified bacterium used to digest crude oil in oil spills?
	

	What is ‘generation time’?
	

	Give the genus names of three organisms that are used in the production of food products.
	1. 

	2. 

	3. 
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2.2.5. The growth curve
	The standard growth curve
	What, in biological terms, is 

a culture?
	

	
	What is the difference between a pure culture and a mixed culture?
	

	
	Draw a typical growth curve and label the main features.
	

	
	Describe why the population is near constant during the lag phase.
	

	
	Describe the popution size during the log phase.
	

	
	What can cause the decline phase in a population?
	

	Fermentation and fermenters
	What was the original use of fermenters?
	

	
	What does fermentation now refer to?
	

	Metabolism is a process, metabolites are the products
	What is the definition of metabolism?
	

	
	What is the term for substances produced by organisms as part of their normal growth?
	

	
	When does an organism usually produce secondary metabolites?
	

	
	Would you be able to superimpose a standard population growth curve onto a curve of:
	a)
A primary metabolite
	
	b)
A secondary metabolite
	


2.2.6 Commercial applications of biotechnology
	Industrial-scale fermenters and ‘scaling up’
	State and give a reason for what would happen to the yield of a fermenter under the following conditions:
	Temperature too hot
	

	
	
	Very low pH
	

	
	
	Lack of correct nutrient supply
	

	
	Why is the oxygen concentration in a fermenter tightly controlled if the organisms are aerobic?
	

	Batch and continuous culture
	Give an example of a commercial product produced in a batch culture.
	

	
	What is the main difference between a batch and a continuous culture?
	

	
	Is batch culture better for producing primary or secondary metabolites?
	

	Asepsis is vital in biotechnological processes involving micro-organisms
	What is the term for an unwanted micro-organism in a nutrient medium?
	

	
	What is asepsis?
	

	
	Why are contaminants so likely during biotechnological processes?
	

	
	What is an aseptic technique?
	

	
	Which stages of a process must be free from contamination?
	

	
	What is the likely effect on yield if a medium becomes contaminated?
	

	
	Name five effects unwanted organisms can have on a culture.
	1.
2.
3.
	4.
5.



2.2.7 Industrial enzymes
	Enzymes are powerful catalysts
	What are the two features of enzymes that make them useful in industry?
	1.

	2.


	
	When might you choose an enzyme over a micro-organism to carry out an industrial process?
	

	
	What is downstream processing?
	

	Immobilising enzymes
	What must occur for an enzyme-catalysed reaction to occur?
	

	
	What is immobilisation?
	

	
	Explain the financial implications (good and bad) for the use of immobilised enzymes.
	

	Methods for immobilising enzymes
	Fill in the gaps:
	Immobilisation can be done by four methods; these are _________, _________ _________, _________ and _________ _________. The chosen method depends on a number of factors including enzyme, the importance of enzyme _________ and cost.

The _________ method relies on a combination of hydrophobic interactions and _________ links. These bonds are not very strong and enzyme molecules can become detached; this is known as leakage. The _________ method uses a gel bead or cellulose fibre network to hold enzymes in their natural state. Using this method, reaction rates can be _________ as substrate molecules need to penetrate the trapping barrier, reducing the availability of the _________ _________.

	
	Why must the membrane used in the membrane separation technique be partially permeable?
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Quick Quiz 2 – Sections 2.2.4 to 2.2.7


1.
Match the terms to their definitions.
	1.  Pseudomonas
	
	
Separation and purification of any product of large-scale fermentation

	2.  Log phase
	
	
Genetically modified bacteria can be used to digest crude oil in oil spills

	3.  Primary metabolites
	
	
Unwanted micro-organism in a nutrient medium

	4.  Continuous culture
	
	
Substances produced by organisms as part of their normal growth

	5.  Contaminant
	
	
Nutrients are added and products removed at regular intervals

	6.  Downstream processing
	
	
Fastest growth rate phase of organism


2.
Complete the table of methods for immobilising enzymes.

	Method
	Description
	Diagram

	Adsorption
	
	

	Covalent bonding
	
	

	Entrapment
	
	

	Membrane separation
	
	


3.
Label the growth curve with the following labels.


Lag phase, stationary phase, death phase, log phase, time, population size
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2.2.8 Studying whole genomes

	Understanding and manipulating DNA
	When was the structure of DNA discovered?
	

	
	Give four advances in science that have developed from this discovery.
	1.

	2.

	3.

	4.


	
	Where might you find the sequenced genomes of organisms?
	

	The genomic age
	How much of the human genome actually codes for proteins and polypeptides?
	

	
	What is DNA that does not code for proteins and polypeptides called?
	

	
	What is genomics?
	

	Sequencing the genome of an organism
	What is the maximum length of DNA that can be sequenced in one reaction?
	

	
	How do scientists reduce errors when carrying out sequencing?
	

	
	What is referred to as the shotgun approach?
	

	
	Why are the sections of genome transferred into E. coli?
	

	
	Why are different restriction enzymes used when sequencing BAC segments?
	

	Comparing genomes
	What is comparative gene mapping?
	

	
	If a gene for a protein is found in all organisms within a genus what does this suggest about the protein?
	

	
	Why is yeast useful for studying changes in some genes?
	

	
	How can the comparison of genes be useful to doctors?
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2.2.9 DNA manipulation – separating and probing

	Electrophoresis
	Electrophoresis separates DNA fragments by...?
	

	
	What size fragments travel slower in the agarose?
	

	
	What cuts DNA into fragments?
	

	
	What charge is DNA?
	

	
	DNA travels towards which electrode?
	

	
	How are fragments seen once electrophoresis is finished?
	

	
	What is Southern blotting?
	

	DNA probes
	What is a DNA probe?
	

	
	What two ways are probes labelled?
	1.

	2. 


	
	What is annealing?
	

	
	Give three examples where probes can be used to locate specific sequences.
	1. 


	
	
	2. 


	
	
	3.



[image: image10.png]N

OH





2.2.10–11 Sequencing and copying DNA
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The polymerase chain reaction (PCR)
	What is the overall aim of PCR?
	

	
	What four facts does the PCR reaction rely on?
	1.


	
	
	2.


	
	
	3.


	
	
	4.


	
	Give three differences between natural DNA replication and PCR.
	1.


	
	
	2.


	
	
	3.


	
	What enzyme is used in the initial step of PCR?
	

	
	What is a primer?
	

	
	What is the optimum temperature of DNA polymerase?
	

	
	What is the job of DNA polymerase?
	

	
	How does PCR create so many copies so quickly?
	

	
	What does thermophilic mean?
	

	
	What four things are required in the reaction mixture at the beginning of automated sequencing?
	1.

	2.

	3.

	4.


	
	What is special about some of the free nucleotides in automated sequencing?
	

	
	What is significant about these nucleotides?
	

	
	What is surprising about the findings of the Human Genome Project?
	


2.2.12 An introduction to genetic engineering
	
	What is another term for genetic engineering?
	

	
	What is genetic engineering?
	

	
	What does transgenic mean?
	

	
	What is a vector?
	

	
	Give three methods used to get genes into recipient cells.
	1.

	2.

	3.


	Restriction enzymes cut DNA backbones; ligase seals them
	What is the function of restriction enzymes?
	

	
	What reaction do restriction enzymes catalyse?
	

	
	What is a sticky end?
	

	
	Which enzyme is used to join fragments of double-stranded DNA together?
	

	
	What is essential when joining fragments of DNA from different organisms?
	

	
	What is recombinant DNA?
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2.2.13 Genetic engineering and bacteria

	Why do we want to genetically engineer organisms?
	Give the two main reasons for using genetic engineering.
	1.

	2. 


	
	How can genetic engineering be used to improve diet in areas where people are vitamin A deficient?
	

	Bacterial cells and plasmids are often used in genetic engineering
	What is the most common vector used in genetic engineering?
	

	
	What is a recombinant plasmid?
	

	
	Give two methods for encouraging bacteria to take up recombinant plasmids.
	1.

	2. 


	
	What is this process known as?
	

	Bacterial conjugation and the advantages of taking up new DNA
	What is conjugation?
	

	
	What type of gene is often carried on bacterial plasmids?
	

	
	What are the implications on healthcare of bacterial conjugation?
	

	
	What did Avery, McCarty and MacLeod’s experiment suggest about bacterial transformation?
	

	
	Name the two methods by which bacteria can take up DNA mentioned on this page.
	1. 

	2. 
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2.2.14 Engineering case studies – 1: human insulin
	Genetically engineered insulin
	What can people who have type I diabetes not produce?
	

	
	How was insulin used clinically originally made?
	

	
	What are the two main problems with this insulin?
	1. 

	2. 


	
	How many amino acids are there in the insulin polypeptide?
	

	
	How did scientists separate the mRNA for the insulin gene?
	

	
	What is produced from the insulin mRNA strand?
	

	
	What is a cDNA?
	

	
	What is a recombinant plasmid?
	

	
	Which of the three types of colony are we interested in when producing insulin?
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	Identification of transformed bacteria by replica plating
	What did the original method for identifying the correct colonies use?
	

	
	Fill in the gaps:
	Plasmids are chosen which carry ________ resistance genes, usually ________ and tetracycline. These genes are known as ________ ________. The bacteria used in the process are ________ to both of these antibiotic chemicals.

________ enzymes cut the plasmids at specific points called ________ ________ within the tetracycline gene. If the required gene, ________ in this case, is taken up the resistance for that antibiotic chemical will not work but the bacteria still has the gene for ________ resistance.

	
	Which colonies will grow when plated on ampicillin?
	

	
	Which colonies will grow when plated on tetracycline?
	

	
	Why is this process called replica plating?
	

	
	Where did scientists originally get reverse transcriptase enzymes from?
	


2.2.15 Engineering case studies – 2: Golden RiceTM
	Vitamin A deficiency
	How many people a year become blind due to vitamin A deficiency?
	

	
	Who are the most at risk?
	

	
	What is generally thought to be the best way to overcome a vitamin deficiency?
	

	
	How is vitamin A derived in vegetarians?
	

	Rice has been engineered to be rich in beta-carotene
	What is beta-carotene used for in plants?
	

	
	Why do scientists need to genetically engineer rice if it is already there?
	

	
	What happened to rice when scientists managed to get the beta-carotene gene to be expressed in the rice grain?
	

	
	Genes for which two enzymes were inserted into the endosperm cells?
	1.

	2.


	
	Why were these genes inserted near promoters involved in endosperm development?
	

	
	What is the problem with the original Golden RiceTM?
	

	
	How does Golden Rice 2 differ from the original?
	

	
	What is biofortified?
	

	
	What are the potential negatives of using this type of genetically modified crops?
	1.


	
	
	2.


	
	
	3.
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2.2.16 Gene therapy
	Gene therapy
	What is gene therapy?
	

	
	What is the very basic idea behind gene therapy?
	

	
	Somatic cells contain the full genome, why then do they not produce all the proteins coded for?
	

	
	Give an example where genes may be added to a somatic cell.
	

	
	How can somatic gene therapy be used as a strategy to combat cancer?
	

	
	What two things are unique when a gene is inserted into a sperm, egg or zygote?
	1.


	
	
	2.


	
	Why is germline cell gene therapy not used to treat genetic disorders?
	

	
	What is ex vivo therapy?
	

	
	When is ex vivo therapy used?
	

	
	What is the problem with using a modified virus to get the allele into the genome?
	

	
	What gene is defective in SCID?
	

	
	It is hoped that gene therapy will eventually overtake what?
	




2.2.17 The rights and wrongs of genetic manipulation
	A shortage of transplant organs
	What percentage of patients dies while waiting for organs?
	

	
	What is another problem with organ transplants?
	

	
	What is xenotransplantation?
	

	
	What is allotransplantation?
	

	Engineered pigs as organ donors
	What is the first problem with using pigs as donors?
	

	
	What did scientists do to reduce this problem?
	

	
	What are the three other main problems with using pig organs for human transplants?
	1.


	
	
	2.


	
	
	3.


	Ethical concerns raised by the genetic manipulation
	What is an ethical concern?
	

	
	Describe what is meant by an ‘unnatural’ organism by people who oppose genetic manipulation?
	

	
	Give an example of an ‘unnatural’ organism which does not used genetic engineering.
	



	Quick Quiz 3 – Sections 2.2.8 to 2.2.17


1.
Match the terms to their definitions.

	1.  Genomics
	
	
Process to amplify a single or a few copies of DNA to a large quantity

	2.  PCR
	
	
A plasmid containing a piece of DNA from another source

	3.  Primer
	
	
The study of genomes

	4.  DNA ligase
	
	
A product with higher than normal concentrations of a particular nutrient

	5.  Recombinant plasmid
	
	
Enzyme which is used to join fragments of double-stranded DNA together

	6.  Biofortified
	
	
Short, single-stranded sequences of DNA


2.
Fill in the gaps to complete the sentences about enzymes used in genetic engineering.

_____________ _____________ separates strands in DNA replication; a process of _____________ and _____________ is used to do the same job in PCR. The optimum temperature of _____________ _____________ is 72°C; this enzyme extends double-stranded sections of unwound DNA by adding free ________. The DNA polymerase used in PCR is described as _____________; it is not _____________ by extreme temperatures. _____________ _____________ cut DNA at specific points whereas _____________ _____________ is involved in a _____________ reaction joining sugar phosphate backbones of the DNA double helix together.

3.
Complete the table to show the similarities and differences between natural DNA replication and PCR.

	DNA replication
	PCR
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Time





Population size





?









